The effect of feed mixture supplementation with MgCl 2 on alimentary tract microflora, haematological markers, and selected parameters of reproductive performance of sows was investigated. The animals were divided into control group (K) and two experimental groups (E 1 and E 2 ). The sows from the experimental groups were receiving 1 g of MgCl 2 6H 2 0/100 kg b.w./day, which constituted 120 mg of pure magnesium, administered in a small portion of a feed mixture. The sows from group E 1 were receiving MgCl 2 every day for 30 d, whereas sows from group E 2 for 60 d. A significant decrease in the count of E. coli, Providencia sp., and Proteus sp. was noted in faeces of the swine of both experimental groups. The study has also demonstrated a reduced number of lymphocytes and an increased number of granulocytes in blood of the sows receiving MgCl 2 . Feeding of pregnant sows with the addition of magnesium salt decreased the mortality rate of newborn piglets, increased the survival rate of piglets until 21 d of their life, and increased body weight values of litters originating from experimental sows, compared to the litters of control sows.
In animal production, reduction of excretion of non-utilised feed components (excess of protein, biogenic elements) with faeces is as important as achieving high production effects, including high body weight gains and low death rate. These issues are gaining an increasing significance and therefore indispensable actions are undertaken to assure the maximal utilisation of nutrients at their lowest excretion with faeces. This should, particularly, be facilitated by rational and balanced feeding of animals that provides for their life and production needs in respect of any nutrients and biologically-active components. In order to assure better utilisation of constituents of raw materials of feedstuffs, a variety of feed additives are used, which increase digestibility and, eventually, affect the proper growth and development of animals, thus improving the quality of food products of animal origin and, consequently, contributing to the improvement of economic effectiveness of animal production. Sometimes, however, feed supplementation with various organic compounds, elements or microorganisms defined as feed additives, raises anxiety or controversy that result from their potential effects influencing the quality of food products and health of consumers (e.g. hormonal or antibiotic growth promoters) (4) .
Functional homeostasis of an organism depends on the appropriate proportion of particular bioelements. Feed additives include mineral components that are indispensable for vital processes and for proper functioning of body. One of the macroelements playing a crucial role in this respect is magnesium. It participates in the metabolism of carbohydrates, nucleic acids, proteins, and lipids, in the action of many enzymes, as well as in cellular transport. Magnesium ions are responsible for the synthesis of ATP and proper functioning of immune system; they successively mitigate states of supernormal excitability and significantly enhance resistance to stress (6, 9, 11, 13, 14, 17) .
Hence, it may be stated that the knowledge on the properties of Mg and its general role for humans and animals is appropriately documented. Nevertheless, the available scientific literature lacks in reports on the effect of applying Mg supplementation on the microflora of the gastrointestinal tract and microbiological contamination of breeding environment.
Considering the above, an attempt was undertaken to answer the following question: does the addition of Mg to a feed mixture for sows improve wholesomeness expressed by values of haematological blood markers, simultaneously improving rearing and survival of piglets and selected parameters of reproductive performance of sows.
Material and Methods
The study was carried out on 42 sows of Polish Large White breed at an individual farm located in the Lubelskie province. The animals were divided into three groups: control group (K) and two experimental groups (E 1 , E 2 ). The sows were kept in individual pens on litter. The health status of the pigs was satisfying. All animals were provided with permanent veterinary care. The microclimate conditions were monitored and the zoohygienic norms were not exceeded.
The sows from the experimental groups were receiving 1 g of MgCl 2 x 6H 2 O/ 100 kg b.w./d, which constituted 120 mg of pure magnesium, administered in a small portion of a feed mixture before administering the exact feed ration. The sows from group E 1 were receiving MgCl 2 every day for 30 d, whereas sows from group E 2 for 60 d.
Blood was sampled from the cervical vein of six sows selected randomly from each group on day 30th and 60th since the beginning of the experiment. Particular blood markers were determined with an MS 9 automatic haematological analyser (Melet Schloesing Laboratoires, France). The statistical analysis of the results was performed with one-way analysis of variance (F test) using a Statistica 6.0 software, by calculating mean values ( ), standard deviation (SD), and sources of variability as F-empirical (F) and probability. Differences were accepted significant at P≤0.05.
Analyses of faecal microflora were conducted in triplicate after collecting faeces from the rectum of six sows from each group at the beginning of the study and then 30 and 60 d later. Samples of faeces (1 g each) were dissolved in sterile water with 0.50% Tween 80. Then, 10-fold serial dilutions were prepared in Ringer's fluid and the samples were inoculated onto plates with an appropriate culture medium. After incubation, the count of bacteria from the Enterobacteriaceae family was determined. Bacteria were identified based on their morphological traits after staining with the Gram's method following recommendations of the Polish Standard PN-ISO 21528-2. The isolated Gram-negative bacteria were passaged onto selective-differentiating culture media. Species of the bacteria were identified with the standard microplate method API 20E. The results were elaborated statistically with the U MannWhitney test (Wilcoxon's) based on the analysis of medians. Differences were accepted significant at P≤0.05.
Analyses of the effect of Mg addition to a feed mixture on selected parameters of reproductive performance were conducted on 24 pregnant sows, which were divided into control group (K) and experimental group E, each including 12 sows. The animals were kept in individual pens. The sows from the experimental group were receiving Mg additive in a dose of 1 g of MgCl 2 
Results
Results of bacteriological analysis of sow faeces indicated a statistically significant decrease in the count of Enterobacteriaceae after both 30-d and 60-d administration of diet supplemented with Mg (MannWhitney test, P=0.008 and P=0.005, respectively) compared to the control group (Table 1) . A decrease was also noted in the count of the bacteria after 60-d supplementation with Mg, compared to the group receiving Mg for 30 d; however, the differences were not statistically significant. The study demonstrated also a statistically significant decrease in the number of cfu of E. coli, Providencia sp., and Proteus sp. in faeces of animals receiving the addition of Mg (Table 2) . Results of the morphological analysis of blood of control and experimental sows are presented in Table 3 . The sows receiving Mg additive displayed a statistically significant increase in the number of granulocytes. In the course of the study a tendency in a decrease in the total number of leukocytes and lymphocytes was observed in the experimental groups.
The evaluation of the effect of Mg addition on the selected parameters of reproductive performance of sows demonstrated no statistically significant differences in the number of live piglets at birth between the control and the experimental groups (K -11.23 piglets/sow, E -11.64 piglets/sow) ( Table 4) . On the other hand, diet supplemented with Mg was found to significantly reduce the death rate of new-born piglets by 0.1 piglets/sow (P≤0.01, Table 4 ). The parameters related to the survival of piglets in the first 3 weeks of life revealed a statistically significant (P≤0.05) difference between the control and the experimental group (K -9.85 piglets/sow, E -10.65 piglets/sow). The weight of litter after the 1 st d of life was higher by 2 kg in the experimental group, compared to the control group (P≤0.01). However, this weight was not directly reflected in the increased body weight of individual piglets, because the measurement of body weight of the 1 st piglet 1 d after its birth did not reveal any statistically significant differences between the control (K -1.32 kg/piglet) and experimental group (E -1.45 kg/piglet).
Results of the measurement of the weight of litter after 21 d of life showed a statistically significant (P≤0.01) increase in the weight of the whole litter of sows fed the diet with Mg addition, compared to the control sows (E -67.10 kg, K -56.15 kg). This increase was directly reflected in the body weight of individual piglets from the experimental group (K -5.70 kg/animal, E -6.30 kg/animal, P≤0.05). Diet supplementation with Mg caused a statistically significantly (P≤0.05) higher daily body weight gain in group E (231 g/day) compared to group K (209 g/day).
Discussion
The intestinal microflora of the Enterobacteriaceae family is divided into beneficial (Bifidobacterium, Lactobacillus), relatively pathogenic (E. coli, Proteus sp.), and pathogenic (Shigella sp. and Salmonella sp.). Under proper physiological conditions, homeostasis ought to be remained between these groups of the bacteria (4, 15) .
Feeding sows a feed mixture with the addition of magnesium for 30, as well as 60 d caused a reduction in the number of Enterobacteriaceae family bacteria, i.e. E. coli, Providencia sp., and Proteus sp., in the gastrointestinal tract of the animals. Similar changes in microbial flora of swine faeces were observed in the previous study, in which the influence of ascorbic acid supplementation was examined (16) . Other authors also emphasise the impact of diet on composition of the microflora in the digestive tract of pigs (3, 12) .
The effect of magnesium supplementation on the reduction of microbiological contamination of swine gastrointestinal tract is beneficial with regard to the stimulation of the immune system, which, by enhancing the production of antibodies, reduces the total count of pathogenic and relatively pathogenic bacteria. In addition, magnesium stimulates the synthesis of B-and D-groups of vitamins, whose deficiency affects the suppression of the specific, as well as non-specific immunity of the cellular and humoral type (7) .
Furthermore, magnesium affects the cardiovascular system and its morphotic elements (8) , and plays a significant role in the immune system (1). In the study, a statistically significant increase in the number of granulocytes in the E 1 group was observed when compared to the control group. It confirmed that the production and activity of granulocytes was determined by the presence of magnesium. Bednarek and Kondracki (2) demonstrated that the administration of zinc and magnesium compounds stimulated the phagocytic activity of blood leukocytes in calves. Experiments on feed supplementation with magnesium conducted by Cnar et al. (5) proved that magnesium might indirectly exert a positive effect on functional capacity of effort through its positive impact on the number of erythrocytes and level of haemoglobin. Magnesium also positively influences the function and total number of lymphocytes (13) , which, however, was not observed in the study.
The obtained indicators of reproductive performance of sows were within normal limits and did not deviate from ranges of average values for the same breed (10) . Magnesium chloride applied in the feeding of sows being in the first trimester of pregnancy had a positive effect on rearing parameters of piglets.
